Species belonging to the genus of Pantoea are commonly isolated from plants, humans and the natural environment. The species of the genus are phenotypically closely related, making rapid identification of Pantoea strains to the species level difficult. Multilocus sequence analysis (MLSA) was evaluated as a means for rapid classification and identification of Pantoea strains. Four housekeeping genes, gyrB, rpoB, atpD and infB, were sequenced for strains assigned to the genus. Included in the study were (1) reference strains from the seven currently recognized species of Pantoea, (2) strains belonging to Brenner DNA groups II, IV and V, previously isolated from clinical samples and difficult to identify because of high phenotypic similarity to P. agglomerans or P. ananatis and (3) isolates from diseased Eucalyptus, maize and onion, assigned to the genus on the basis of phenotypic tests. Phylogenetic trees were constructed from the sequences of the four housekeeping genes. The ''core'' Pantoea species formed a cluster separate from the ''Japanese'' species which formed a tight cluster that included the genus Tatumella when the tree was based on concatenated sequences of the four genes. The MLSA data further suggested the existence of ten potential novel species, phylogenetically related to the currently recognized Pantoea species and the possible inclusion of Pectobacterium cypripedii in the genus Pantoea. When compared with DNA-DNA hybridization data, a good congruence was observed between both methods, with gyrB sequence data being the most consistent. In conclusion, MLSA of partial nucleotide sequences of the genes gyrB, rpoB, atpD and infB can be used for classification, identification and phylogenetic analyses of Pantoea strains. r 2008 Elsevier GmbH. All rights reserved. The GenBank/EMBL accession numbers for the sequences presented in this study are: EF988753-EF988838, EU145260-EU145275, EU344757-EU344760, FJ187830-FJ187834 (gyrB gene); EF988925-EF989010, EU145292-EU145307, EU344765-EU344768, FJ187840-FJ187844 (rpoB gene); EF988667-EF988752, EU145244-EU145259, EU344753-EU344756, FJ187825-FJ187829 (atpD gene); EF988839-EF988924, EU145276-EU145291, EU344761-EU344764, FJ187835-FJ187839 (infB gene) and EF688006-EF688012, EU216734-EU216737, EU344769-EU344770 (16S rRNA).
Introduction
The genus Pantoea belongs within the family Enterobacteriaceae and was proposed by Gavini et al. [17] for two groups of strains that were, at that time, assigned to the Erwinia herbicola-Enterobacter agglomerans complex. This complex covered many phena [16, 44] and genomic groups [3] , some of which were later designated as new genera [19] . The genus Pantoea comprises at present seven validly published species, namely Pantoea agglomerans and P. dispersa [17] , P. citrea, P. punctata and P. terrea [23] and P. ananatis and P. stewartii [30] . However, Grimont and Grimont [19] stated that the genus Pantoea can be envisioned to include DNA groups I, II, IV and V as determined by Brenner et al. [3] . It was further observed that the species P. citrea, P. punctata and P. terrea, isolated in Japan and described by Kageyama et al. [23] differed from the ''core'' Pantoea species in several biochemical or nutritional characteristics. Grimont and Grimont [19] determined the phylogenetic position of all currently recognized Pantoea species and DNA groups of Brenner et al. [3] using 16S rRNA-and rpoB-sequence comparisons and found that the ''Japanese'' species constituted a cluster that joined the Pantoea cluster at a lower level. They concluded that more taxonomic work was needed to justify the assignment of these species to the genus Pantoea.
Several species belonging to the genus Pantoea are known as plant pathogens. Stewart's vascular wilt is a disease of sweet corn and maize caused by Pantoea stewartii subsp. stewartii [40] , P. agglomerans causes crown and root gall disease of gypsophila and beet [4, 7] and P. ananatis causes a variety of diseases on a wide range of hosts including bacterial blight and dieback of Eucalyptus [9] , stem necrosis of rice [8] and brown stalk rot of maize [18] . Recently, Pantoea strains were isolated from young Eucalyptus trees in Uganda, Argentina and Uruguay, showing a disease similar to bacterial blight and dieback of Eucalyptus in South Africa. Pantoea strains, not belonging to P. ananatis and causing brown stalk rot of maize were also isolated. Similarly, Pantoea strains that could not clearly be identified to the species level were isolated from onion in South Africa and the USA. All of these isolates were assigned to the genus Pantoea on the basis of phenotypic tests.
All strains of DNA groups I, II, IV and V determined by Brenner et al. [3] were isolated from human sources. In recent years Pantoea strains have been consistently linked with human infections [12, 15, 26, 28, 36, 43] . The increasing isolations of Pantoea strains from the natural environment, from human infections and diseased plant material highlights the need for a technique that enables fast and reliable classification and identification of Pantoea strains worldwide.
Partial sequences of protein-encoding genes have been proven useful for species identification and as phylogenetic markers in the family Enterobacteriaceae. The following genes have been evaluated for these purposes: rpoB [13, 24, 27, 31, 39] , infB [22] , groEL [29] ; gyrB [11] , tuf and atpD [33, 46] , carA and recA [46] . Results have shown that they are more reliable than 16S rRNA gene sequences for species identification and for determining intra-and some inter-generic relationships [11, 22, 31, 33] . For determination of phylogenetic relationships, it has been advised to use sequence data from more than one gene [11, 25] , to reduce the possibility of ambiguities caused by genetic recombination or specific selection [22] . 16S rRNA gene sequences, on the other hand, appeared to be useful for determination of phylogenies between distantly related Enterobacteriaceae [11] .
In the present study, the phylogeny of all validly published species of Pantoea, DNA groups II, IV and V of Brenner et al. [3] , which belong to the genus Pantoea according to Grimont and Grimont [19] , as well as isolates assigned to Pantoea on the basis of phenotypic tests, were investigated using multilocus sequence analysis (MLSA) of the protein-encoding genes gyrB, rpoB, atpD and infB. These genes encode DNA gyrase, RNA polymerase b subunit, ATP synthase b subunit and initiation translation factor 2, respectively.
Material and methods

Strains investigated and DNA extraction
A detailed summary of the strains used in this study is listed in Table 1 . All strains used in this study are maintained in the Bacterial Culture Collection (BCC) of the Forestry and Agricultural Biotechnology Institute (FABI) and representative isolates have been deposited in the BCCM/LMG Collection, University of Ghent, Belgium. Care was taken to include type strains and reference strains for which existing DNA-DNA hybridization data are available. The identities of strains included in this study were confirmed using FAFLP analysis as previously described [2] .
Genomic DNA was extracted from each of the bacterial strains using an alkali extraction method [32] and stored at À20 1C.
Primer design
External primers for amplification and internal primers for sequencing were designed based on sequence alignments of strains representative of multiple species belonging to the family Enterobacteriaceae. used in this study. The sequences for both the amplification and sequencing primers for all four genes are listed in Table 2 .
PCR and sequencing
Complete 16S rRNA sequences were determined for the type strains of selected members of the Enterobacteriaceae using the primers and conditions determined by Coenye et al. [6] . MLSA PCR was performed on each of the strains listed in Table 1 using each of the four sets of amplification primers. Each 50 ml PCR reaction consisted of 5 ml 10Â PCR buffer, 5 ml dNTP's (200 mM each), 0.5 ml forward primer (50 mM), 0.5 ml reverse primer (50 mM), 1 mL AmpliTaq DNA polymerase (1 U/ml), 5 ml template DNA and 33 ml sterile MilliQ water. The amplification conditions included denaturation at 95 1C for 5 min, 3 cycles of denaturation at 95 1C for 1 min, annealing at 55 1C for 2 min 15 s and elongation at 72 1C for 1 min 15 s, followed by 30 cycles of denaturation at 95 1C for 35 s, annealing at 55 1C for 1 min 15 s and elongation at 72 1C for 1 min 15 s and a further 7 min of elongation at 72 1C. An annealing temperature of 50 1C was used for several strains which would not amplify at 55 1C. PCR products were separated on 1% agarose gels at 75 V for 45 min. Those reactions resulting in positive PCR products of the expected size were purified using NucleoFast 96 PCR plates (Machery-Nagel). Sequencing reactions were performed using 3 ml purified PCR product, 2 ml 5 Â sequencing buffer, 0.2 ml Big Dye sequencing reaction mix, 3 ml primer (4 mM) and 1.8 ml sterile MilliQ water. The sequencing conditions included denaturation at 96 1C for 5 s, 25 cycles of denaturation at 96 1C for 10 s, annealing at 55 1C for 10 s and elongation at 60 1C for 4 min. Sequencing reactions were purified using the Montage Seq 96 Sequencing Reaction Cleanup Kit (Millipore). All PCR set-up and purification steps were carried out on a Genesis Workstation 200 (Tecan).
Sequence analysis
Consensus sequences for each strain were assembled by manual alignment of the internal sequences using BioEdit Sequence Alignment Editor v 5.0.9 [21] . Following sequence alignment and trimming of the overhangs using ClustalX [42] , the lengths of the four genes were: gyrB ¼ 742 bp, rpoB ¼ 637 bp, atpD ¼ 657 bp and infB ¼ 615 bp. A partition-homogeneity test was performed in PAUP 4.0b10 [41] to ensure the four genes could be combined to form a single concatenated data set [10] . Peptide sequences were determined for each of the four genes using BioEdit and were edited manually to ensure no errors were made from alignment gaps. The lengths of the peptide sequences for gyrB, rpoB, atpD and infB were 247, 212, 219 and 205 amino acids, respectively. The Modeltest 3.7 programme [34] was then applied to the 16S rRNA data, all four individual gene data sets, as well as the concatenated data set, to determine the bestfit evolutionary model to apply to each gene. Maximum likelihood and neighbour joining trees were drawn using Phyml [20] and PAUP 4.0b10 [41] , respectively by applying the models and parameters determined by Modeltest: the general time reversible model for 16SrRNA, gyrB, rpoB, atpD and the concatenated data set and the Tamura-Nei (TN93) model for infB.
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The individual-and concatenated-peptide sequence trees were drawn in Phyml using the Jones, Taylor and Thornton model and by estimating the proportion of invariable sites and the gamma distribution parameters. Bootstrap analysis with 1000 replicates was performed on all trees to assess the reliability of the clusters generated. Escherichia coli, Shigella dysenteriae and Citrobacter rodentium were chosen as outgroups and several Erwinia species, Tatumella ptyseos and Pectobacterium cypripedii, the closest phylogenetically related neighbours of Pantoea were also included in the MLSA trees [38, 46] . The sequences for the four housekeeping genes of E. coli, S. dysenteriae, C. rodentium and Erwinia amylovora were obtained from the genome sequencing databases of the Sanger Institute (http://www.sanger.ac.uk) and the University of Wisconsin (https://asap.ahabs.wisc.edu/ asap). The genes for Erwinia billingiae (LMG 2613 T ), Erwinia rhapontici (LMG 2688 T ), Erwinia toletana (LMG 24162), Erwinia psidii (LMG 7034), T. ptyseos (LMG 7888 T ) and Pe. cypripedii (LMG 2657 T , LMG 2654, LMG 2655, LMG 2658) were sequenced along with the Pantoea strains. The likelihood of alternative tree topologies was evaluated by the Approximately Unbiased (AU) and ShimodairaHasegawa (SH) tests using CONSEL [37] . The MLSA data from the four housekeeping genes were compared amongst each other, and to DNA-DNA hybridization values in Bionumerics (Applied Maths), by calculating the correlation between the experiment types, to determine the congruence. A scatter plot was constructed depicting the correlation between gyrB sequence similarity (the most congruent), and corresponding DNA-DNA hybridization values.
DNA-DNA hybridization
High-quality DNA for DNA-DNA hybridization of strains was prepared by the method of Wilson [45] , with minor modifications [5] . DNA-DNA hybridizations were performed using the microplate method [14] with some modifications [5] . The hybridization temperature was 4571 1C and reciprocal reactions were performed with DNA from all strains. Representative strains from all novel species clusters were selected and hybridized to the type strains of P. agglomerans (LMG 1286 T ), P. ananatis (LMG 2665 T ) and amongst each other.
Results and discussion
Pantoea strains are isolated from environmental sources on a regular basis. The isolates can be human and clinical strains, the causal agents of diseases on plants, epi-and endophytes or merely present in water and soil samples. The ecology and host interactions of these isolates are not clearly understood, often due to the increasing number of strains which are rarely conclusively identified. Therefore, a rapid technique is required to classify and identify these phenotypically related strains to the species level. The difficulties experienced in identifying Pantoea species are exacerbated by the uncertain phylogeny, based on 16S rRNA sequences, of the genus.
The 16S rRNA phylogenetic tree ( Fig. 1 ) revealed the polyphyletic nature of the genus Pantoea. The type strains of the ''core'' Pantoea species clustered together with reference strains from seven potential novel species of Pantoea. The type strain of P. dispersa clustered on the border of the genus Erwinia with the reference strain of Brenner's DNA group IV, LMG 2781 R [3] . It has been suggested that Pe. cypripedii is closely related to Pantoea and belongs to that genus [46] . However, in the 16S rRNA phylogeny the type strain of Pe. cypripedii grouped on the border of P. dispersa, far removed from the Pantoea ''core'' species. The ''Japanese'' species formed a separate well-supported cluster which included the type strain of T. ptyseos, a single species genus of clinical strains. A study by Paradis et al. [33] highlighted a clear phylogenetic affiliation between the genera Pantoea and Tatumella. Based on that observation, the type strain of T. ptyseos was included in our MLSA study. Although it is likely that the ''Japanese'' species do not actually belong to Pantoea, P. dispersa is considered a ''core'' species and its position within the genus must be determined. The polyphyletic nature of Pantoea is not unusual as several other genera within the Enterobacteriaceae have also been shown to be polyphyletic based on 16S rRNA phylogeny, including Enterobacter, Brenneria [24] , Erwinia and Pectobacterium [46] .
One of the major objectives of this study was to resolve the phylogenetic position of Pantoea within the family Enterobacteriaceae. It is apparent that this is not possible based on 16S rRNA sequences. However, MLSA data showed great promise for the phylogenetic analysis of the genus Pantoea and closely related enterobacteria. A concatenated tree, based on the nucleotide sequences of the four housekeeping genes, appeared to be most reliable for determining phylogenetic relationships amongst Pantoea strains (Fig. 2) . In this tree, Pantoea strains were divided into two clusters, both supported by high bootstrap values of 97% and 100%, respectively. The first cluster contained
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P. agglomerans, P. ananatis, P. stewartii, P. dispersa (the ''core'' species), nine MLSA groups of potential novel Pantoea species and strains of Pe. cypripedii. The second cluster contained the ''Japanese species'' (P. punctata, P. citrea and P. terrea), the type strain of T. ptyseos and a tenth potential novel species. Despite the aberrant position of the type strain of P. dispersa in the 16S rRNA tree, it appears that this species is part of the ''core'' of Pantoea as observed in the concatenated tree with high bootstrap support. Additionally Pe. cypripedii appears to belong to the genus Pantoea, as strains of this species clustered within the ''core'' also with high bootstrap support. The large distance between the Pantoea ''core'' and ''Japanese'' species was consistently observed within the concatenated tree and all four individual gene trees (Supplementary data), casting serious doubt on the inclusion of these species within the genus and supporting the statement of Grimont and Grimont [19] . In the concatenated tree and all individual gene trees, the ''Japanese'' species clustered with T. ptyseos with bootstrap support of 95-100%, and should be considered to belong to the genus Tatumella.
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The phylogeny of the concatenated-peptide sequence tree (Suppl. Fig. S1 ) is in agreement with that of the concatenated nucleotide sequence tree (Fig. 2) . Pe. cypripedii retained its position in the peptide sequence tree clustering closely with the P. dispersa group with a bootstrap of 89%, giving further support for the inclusion of this species within the genus Pantoea. The ''core'' Pantoea species were contained in one large cluster, clearly separated from the ''Japanese'' species and T. ptyseos by extended branch lengths and high bootstrap support. Additionally, the DNA-DNA hybridization values support the phylogenetic split of the ''Japanese'' species from the Pantoea ''core'' species (Table 1) . When the type strain of T. ptyseos (LMG 7888 T ) was hybridized to the type strains of P. citrea (LMG 22049 T ), P. punctata (LMG 22050 T ) and P. terrea (LMG 22051 T ), similarity values ranging between 20% and 66% were observed. These values were considerably higher than those observed when the same type strains were hybridized to the type strains of ''core'' species of Pantoea, where similarity values of less than 9% were observed. This lends further support for the transfer of P. citrea, P. punctata and P. terrea to the genus Tatumella.
Alternative user-defined tree topologies, where Pantoea was defined as either monophyletic or polyphyletic, were tested using CONSEL. The P-values for the AU and SH tests (Suppl . Table S1 ) indicated the rejection of the likelihood that Pantoea is a monophyletic genus. The polyphyletic topology (where P. dispersa, MLSA group I and Pe. cypripedii as well as the ''Japanese'' species clustered separate from the ''core'' species) was supported for all five data sets tested, with P-values close to 1.000 and was, therefore, not rejected. This supports the observation in the 16S rRNA phylogenetic tree that Pantoea is polyphyletic (Fig. 1) , although the same cannot be said for the current concatenated tree (Fig. 2) where P. dispersa, MLSA group I and Pe. cypripedii do cluster with Pantoea ''core'' species, but at a lower level.
A recent study examining the relationships of plant pathogenic enterobacteria based on the housekeeping genes atpD, carA and recA, suggested that there is no justification for the separation of Erwinia and Pantoea into two separate genera [46] . However in the present study, Erwinia species cluster at a lower level to the ''Japanese'' species and Tatumella in the concatenated nucleotide sequence and peptide sequence trees (Fig. 2 and Suppl. Fig. S1 ) clearly indicating that Erwinia and Pantoea should not be united into a single genus.
The individual nucleotide sequence trees (Suppl. Figs. S2a-d) have similar groupings to those of the concatenated nucleotide sequence tree, with two exceptions. In the gyrB nucleotide sequence tree (Suppl. Fig. S2a ) P. dispersa, Pe. cypripedii and strains belonging to Brenner DNA group IV (MLSA group I) formed a cluster which was separated from the ''core'' Pantoea species by the ''Japanese'' species and Erwinia species. The same partition was observed in the 16S rRNA phylogenetic tree (Fig. 1) . Pe. cypripedii strains also clustered separately in the rpoB tree (Suppl. Fig. S2b) , on the border of the ''Japanese'' species whilst P. dispersa and MLSA group I grouped with the ''core'' Pantoea species. The reasons for these unusual groupings are unclear; however, it does support the preference of making phylogenetic inferences based on concatenated sequence trees rather than individual gene trees [11, 25] .
Another cluster with different positions in the nucleotide sequence trees contains the single strain LMG 24194. In the concatenated tree, atpD and infB trees, this strain grouped on the border of, or within, the ''core'' Pantoea clade, but in the gyrB and rpoB trees LMG 24194 grouped with Erwinia species (Fig. 2 , Suppl. Figs. S2a-d). LMG 24194 was thought to belong to a potential new Pantoea species but as this strain does not retain its position in all five trees, its taxonomic position cannot be clearly concluded at present.
Together and separately all four housekeeping genes, gyrB, rpoB, atpD and infB, could delineate the seven validly published Pantoea species and revealed ten potential novel species (MLSA groups A-J) in each of the maximum likelihood trees constructed based on nucleotide sequences (neighbour joining trees not shown). The majority of the validly published Pantoea species and MLSA groups A-J were supported by strong bootstrap values. The only exceptions included marginally lower intra-and inter-species bootstraps in the rpoB tree (Suppl. Fig. S2b ) and several weaker interspecies bootstrap values in the atpD (Suppl. Fig. S2c ) and infB (Suppl. Fig. S2d ) trees. The bootstrap values for the concatenated data set tree were by far the highest and most stable, not only at the intra-species level, but also between species of the genus (Fig. 2) . Strains of the same Pantoea species (including type and reference strains) had at least 96.4% gyrB, 98.9% rpoB, 98.3% atpD and 97.2% infB gene sequence similarity, whereas at the inter-species level the sequence similarity was at a maximum of 94.8% for gyrB, 98.4% for rpoB, 97.9% for atpD and 96.9% for infB.
The largest MLSA group included isolates from Eucalyptus showing symptoms of bacterial blight in Uganda, Argentina and Uruguay as well as strains isolated from maize infected with brown stalk rot in
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South Africa. In all of the nucleotide sequence trees (Fig. 2, Suppl. Figs. S2a-d) , this MLSA group A clustered in close proximity to P. agglomerans strains, but distinctly diverged into a separate cluster. MLSA group B also clustered close to P. agglomerans and contained strains from Eucalyptus infected with bacterial blight, but only from trees in Uruguay. Two strains from a study by Beji et al. [1] , LMG 2558 R and LMG 2560, were assigned to P. agglomerans based on their protein profiles but later excluded from the species by Gavini et al. [17] . Based on the MLSA data presented in this study these two strains, forming MLSA group C, constitute a potential novel species. A single strain, LMG 24200 R , formed MLSA group D. This strain was isolated from infected Eucalyptus in Uganda and was expected to cluster in MLSA group A along with LMG 24199 R and BCC 107, also isolated from Uganda. However, as this strain retained its position in all five trees, LMG 24200 R also represents a potential new species of Pantoea. MLSA group E contained human strains belonging to the group referred to as Brenner DNA group V, whilst a single strain from the same group (LMG 24534 R ) constituted MLSA group F. The isolates from onion formed MLSA group G, which consistently branched off from the P. ananatis cluster with strong bootstrap support in the majority of the trees. MLSA groups H and I were comprised of human strains from Brenner DNA groups II and IV, respectively. MLSA groups A-I all group within the first subcluster, which is referred to as the ''core'' Pantoea group with P. agglomerans, P. ananatis, P. stewartii and P. dispersa [19] . MLSA group J fell within the second subcluster, the ''Japanese'' Pantoea clade, which joined the ''core'' Pantoea clade at a lower level in all of the phylogenetic trees. MLSA group J contained two strains thought to be P. citrea as they were identified as the causal agent of pink disease of pineapple [35] . However, MLSA group J formed a cluster distinct from the type strain of P. citrea (LMG 22049 T ) with an extended branch length that is observed in all five trees. Two strains classified as P. terrea (LMG 23565 and CCUG 30163) clustered with the type strain of T. ptyseos (LMG 7888 T ) instead of with the type strain of P. terrea (LMG 22051 T ), suggesting that they were wrongly classified. The potential species clusters observed in this MLSA study were confirmed by DNA-DNA hybridization data (Table 1) . Reference strains were selected from each MLSA group, and when hybridized to other strains within that group, the DNA similarity values ranged from 83% to 105%. Representative strains were selected from MLSA groups A-I for hybridization with type strains of P. agglomerans and P. ananatis. The DNA similarity values were between 24% and 67% for strains hybridized to P. agglomerans, and between 19% and 57% for strains hybridized to P. ananatis. These data support the inclusion of MLSA groups A-I in the genus Pantoea as novel species. When the reference strain of MLSA group J was hybridized to the type strain of P. citrea, the DNA similarity value was 42%, supporting the separation of MLSA group J (thought to belong to P. citrea) from this species. The DNA similarity values between the reference strain of MLSA group J and the type strains of P. terrea, P. punctata and T. ptyseos were all less than 18%. It is likely that MLSA group J is a novel species belonging to the genus Tatumella.
The congruence between the four genes used in this study was determined and varied from 86.3% to 92.6%. The congruence between MLSA and DNA-DNA hybridization data (data not shown) ranged from 84.5% to 95.2%, with gyrB being most congruent (95.2%) and atpD the least (84.5%). A scatter plot comparing the DNA-DNA hybridization values and gyrB sequence data is presented in Fig. 3 . It was generally observed that strains sharing more than 70% DNA similarity have high gyrB sequence similarity. The only notable exceptions are strains belonging to the subspecies of P. stewartii which share lower DNA relatedness (60-65%) but high gyrB sequence similarity (799%), indicated by an arrow in Fig. 3 . The lower DNA-DNA hybridization values could suggest that the two subspecies of P. stewartii, subspecies stewartii and subspecies indologenes, ought to be divided into separate ARTICLE IN PRESS species. However, the high gyrB sequence similarity supports their status as subspecies of P. stewartii.
The MLSA technique was examined for usefulness in the identification and classification of Pantoea strains and was found to be successful. The ''Japanese'' Pantoea species cluster at a much lower level to the genus and are more closely related to the genus Tatumella. Based on the MLSA and DNA-DNA hybridization data presented in this study, the ''Japanese'' species should be transferred to Tatumella. Pe. cypripedii was shown to be a close phylogenetic relative of Pantoea and it is highly probable that this species should belong to Pantoea. The high bootstrap values observed at the species level in all phylogenetic trees indicate that the four housekeeping genes used in this study, gyrB, rpoB, atpD and infB, are reliable genetic markers for differentiation of Pantoea species. Not only could the MLSA scheme distinguish between the seven validly published species of Pantoea, it also revealed ten potential new species. The potential species observed in each of the MLSA trees in this study are strongly supported by both AFLP analysis [2] and DNA-DNA hybridization data. The potential new Pantoea species are now in the process of being described using the MLSA data as a supporting technique. In conclusion, MLSA provides a rapid technique for reliable identification and classification of Pantoea strains to the species level and is clearly more discriminatory than 16S rRNA sequencing.
